The growth of Pseudosciaena crocea and changes of plankton was studied under intensive ecological aquaculture model that didn't change water. The result indicated that: the growth rate of Pseudosciaena crocea was significantly higher than that in cage culture (p<0.05), the essential amino acids, flavor amino acid and total amino acids of Pseudosciaena crocea were significantly higher than that in cage culture(p<0.05), the PUFA and DHA EPA of Pseudosciaena crocea were also significantly higher than that in cage culture(p<0.05). Plankton biomass of aquaculture water increased with cultivation time. The diversity of phytoplankton was better in the early stage, the diversity index and evenness index decreased in the later stage, the diversity of phytoplankton was poor in the end of the experiment. The diversity of zooplankton was better, there was little change in the diversity index and evenness index of zooplankton, the zooplankton was in an equilibrium state.
INTRODUCTION
Pseudosciaena crocea(Richardson) is a member of Perciformes, belonging to Sciaenidae and Pseudosciaena, commonly known as cucumber fish or yellow croaker [1] and it is one of the four main economic fishes and can be found in this list [2] . Recently its culture model is represented as the cage culture model in seawater, which depends more on the natural weather condition and has a long growth cycle, easy to be affected by such natural disasters as typhoon and red tides and some risks from the pollution in seawater. All the problems we met above can not be ignored, which makes the culture of Pseudosciaena crocea face more difficulties. By constructing simple production facilities and regulating various ecological factors, the study in this paper applies the indoor intensive culture for Pseudosciaena crocea. Different from the high-investment and high-cost industrial recirculating aquaculture, the intensive culture mode is used to intensively culture the yellow croaker without changing water and utilizes the complete biological structure to realize the purification of water and the prevention from diseases.
MATERIAL AND METHODS

Experimental Material
The Experimental fishes are bought from Kengyuan Seedling Culture Site in Ningde, Fujian, belonging to Dong *Address correspondence to this author at the College of Biological Science and Technology, Fuzhou University, Fuzhou, Fujian 350116, China; E-mail: fdycg@126.com Nationality's Pseudosciaena crocea that grew in Guanjingyang around the area of Fujian and Guangdong. They are spring seedlings with 1cm length's body. 
Experimental Design
The experiment will be carried out in a 4m-diameter's plastic pool with 80cm's depth of water. And setting a parallel group, in each pool of which putting about 2300 tails of fishes with the putting density as 228.9 tail/m 3 . The experimental seawater is the natural seawater with the salinity as 25, which is added few fresh water every 10 days and after 2 months, the salinity can be decreased to 15. The pool is equipped with a microtubule aeration device that can aerate and provide oxygen for 24 hours to ensure the dissolved oxygen>5.0mg/L, a water plumbing and heating device to ensure the temperature of water≥25°C and a self-designed organic substance separation device to separate the organic substance (See Fig. 1 ). In the device of Fig. (1) the gas pipe is set in the bottom of pool and with the help of gas, the waste can be absorbed into the precipitation tank, the inlet of which is higher than overflow hole and with the help of separation board the water will flow into another precipitation tank along with the overflow hole and finally the water will be sent back to the pool by the returned tube that connected with this precipitation tank to complete the purification of water. Meanwhile, the precipitated waste can be discharged out of the tank by the blow-down valve.
Culture Management
In the phase of childhood, according to their size the fishes were needed to be fed Hippo-brand slowly sinking feed and the combination of copepods and cladocerans for several times with a little in each. When growing into the juvenile phase, they were fed Hippo-brand slowly sinking feed and at intervals were put into appropriate cladocerans for 4 times each day. When the body length of fishes grows to about 10cm, they were fully fed Xialin-brand extruded feed for 3 times a day and after they had finished, the rest feed should be removed. During the whole phase of culture, in order to keep the dynamic equilibrium the water should not be changed but be adjusted the pH value by lime to keep it in 7-8.
Experimental Project and Methods
After finishing the experiment, randomly selecting 20 tails from every pond to make a statistics about growth data.
Randomly selecting 15 tails of Pseudosciaena crocea to study the quality of meat when the experiment finished and at the same time buying the Dong nationality Pseudosciaena crocea in Fujian and Guangdong that cultured by cage in Guanjingyang of Ningde as a comparison. To determine the meat quality, firstly scraping the fish scales, then removing the meat from the spine and removing the fish bone from the meat, finally putting meat into the blender to cut it into paste, which is stored in the 4 refrigerator for determination. Using the Kjeldahl method to determine the content of crude protein, the Soxhlet method to determine the content of crude fat, the Hitachi 835-50 type amino acid autoanalyzer to determine amino acid and the Shimadzu GC2010 gas chromatograph to determine the fatty acid after the effect of methyl esterification from benzene-petroleum ether lipids.
Selecting the samples of plankton every 30 days to study. The way to select phytoplankton sample: relatively selecting 500ml water sample from the middle level of water in the middle of or around the experimental pool and after mixing together, selecting 500ml to be fixed by 1.5% lugol. The way to select zooplankton sample: selecting 1L water sample, fixed by 5% formalin. In the laboratory using optical microscope to identify species and analyze data.
Evaluation standard for the biodiversity threshold can be seen in Table 1 [3] .
The content of NH 4 + ! N can be determined by the Nessler's reagent colorimetric method [4] and the content of
! ! N can be determined by Naphthylethylenediamine spectrophotometry (GB17378. 1999 ).
Data Statistics
The diversity index of plankton is calculated by Shannon-Weaver index equation [5] .
S represents the total number of species in sample, Pi is ni/N (ni the number of the i species, N the total number).
The evenness index of plankton is calculated by Pielou index equation [6] . The evenness index J = H '/ log 2 S . S represents the total number of species in sample.
The growth data of Pseudosciaena crocea can be applied SPSS17.0 to do single factor variance analysis. If the difference is significant(P<0.05), it should be used the Duncan's multiple comparison to analyze.
RESULT AND ANALYSIS
The Growth Performance of Pseudosciaena Crocea
The experiment dates from March 5 to August 28, about 176 days and in this process it did not break out any disease without using any drugs and changing water as described in Table 2 . According to the survey, the growth performance of the same batch of spring seedling cultured in the cage of Sanduao, Ningde is as follows: body quality is 36.58±3.27g, body length is 14.21±0.58cm and the fatness is 1.28±0.11%, which shows its growth speed is significant lower than the speed of these experimental fishes (p<0.05). Compared with some cage experimental results from other scholars [7, 8] , the speed is more faster and the feed efficiency is more higher in this experiment.
The Change of Plankton's Structure in Cultured Waters
From Table 6 and Table 7 , in the early stage of experiment the biomass of phytoplankton is small, for it did not be succeeded to establish the stable ecological structure. Developing into the middle and later stage, its biomass increases, mainly concentrating on pyrrophyta, bacillariophyta and chlorophyta and especially in August it mainly increases in pyrrophyta, which was formed by the succession of water in this experiment. During this stage, owing to the culture was implemented indoors and lacking of enough light, the chlorophyta has no growth advantage and with the increase of feed, the NH4+-N concentration rises, which is benefit for the growth of pyrrophyta.
The change tendency of zooplankton is as follows: with the extension of culture time, the biomass of copepods increases and the rotifer decreases while the protozoan keeps the inverse tendency with rotifer. In the early stage of experiment, the seedlings are fed such zooplankton as copepods, so the data at this time are not interfered. In this stage, the seedling will eat copepods, which results in it did not change in biomass of copepods but in rotifer. The biomass of rotifer has increased to a large number until May, which restricts the increase of protozoan. But with the growth of Pseudosciaena crocea, it do not eat copeods any more in the middle and later of experiment, which results in the increase of copepods and the decrease of rotifer.
From Table 8 , we found the diversity of phytoplankton performs well in the early stage, for it cultures in natural seawater with complicated phytoplankton. Developing into the later stage, owing to the lack of light and the effect of high NH4+-N, the diversity performs badly with the decrease of diversity index and evenness index while the diversity of zooplankton is good, mainly because the culture system is a closure system without the invasion of alien species and the environmental ecological factors are stable.
The Change of Water Quality in Cultured Waters
From Fig. (2) , we found that in the first three months the concentrations of NH 4+ ! N and NO 2 ! ! N have increased slowly, for they eat less feed and will produce little pollution with a small body in this stage. After three months, with the increase of eating and pollution, the concentrations rise rapidly and in this experiment it applies the culture model without changing water, so the pollution is severe. However, in the later stage the increase speed slows down and the concentrations of 
DISCUSSION
In this experiment it applies the method of intensive ecological model without changing water to culture Pseudosciaena crocea, resulting in the technical effect of culturing Pseudosciaena crocea in high density. Different from the crude ecological culture model, the model in this experiment is a high-density intensive culture and also different from the popular greenhouse intensive model, which is a model that needs to change water with 100% amount of changed water, the model in this experiment will not change water and use drugs. Meanwhile, by establishing the ecological equilibrium in water, it uses the dynamic equilibrium between microorganisms and cultured fishes to discompose the metabolic waste and make the water have the ability to purify itself and resist diseases, which in turn saves water and settles the problem of drug's residue from the source.
As a kind of poikilotherm, fishes' metabolic rate is determined by temperature [9, 10] . In this study it implements the culture by controlling and maintaining the temperature above 25°C, making the growth rate higher than that cultured in cage. In general, the feeding rate, growth rate and feed efficiency will rise along with the increase of temperature [11] , which will influence the growth of fishes by impacting their feeding and feed utilization rate. The author proves that in his early study the feeding amount, quality increase rate and specific growth rate will rise and have significant difference along with the rise of temperature [12] . So the high growth rate and feed efficiency produced by the controlled temperature in the ecological culture can not be reached in cage culture.
The composition of meat's amino acid is a key indicator to evaluate the nutritional value and flavor. Glutamate, aspartic acid, arginine, glycine and alanine are called flavor amino acid, the content of which determines the flavor of meat. In this study essential amino acid and flavor amino acid of the muscle in intensive ecological culture are all higher than that in cage culture(P<0.05), illustrating in the intensive culture model the Pseudosciaena crocea cultured by appropriate mixed feed has more higher nutritional value and flavor, for the artificial mixed feed it used contents more lipids and from Campos's study, we know the content of amino acid in fish meat will rise along with the increase of lipids in feed.
The composition of meat's fatty acid can be affected by environment, feed and other external factors [13, 14] . Some studies have proved that the composition of fatty acid can reflect the fat contents of feed [15] . In this study, PUFA, DHA and EPA of Pseudosciaena crocea are all higher than that in cage culture model(P<0.05), mainly determined by the fat in artificial feed. DHA and EPA are beneficial for people's nutrition and health and can reduce the risk of suffering from coronary heart disease, asthma and inhibit the growth of tumor [16, 17] , which shows in intensive ecological model the nutritional value cultured by appropriate feed is higher than that in conventional cage culture.
The plankton structure established in the intensive ecological model will succeed with the succession of culture process under the stable condition in greenhouse and the variation of it also reflects the ecological characteristic of this model. In the early stage, the biomass of phytoplankton is small, reflecting good diversity while in the later stage, the biomass decreases, showing poor diversity, similar with the variation of phytoplankton in the model of seawater culture [18] . The increase of phytoplankton is mainly due to the mixed water affected by fishes' activities propels the cycling of nutritional matters and the high-density culture promotes the increase of nutritional matters, especially the increase of N and P [19] . In other culture models in seawater, if there are filter feeding organisms, it will lower the biomass and diversity of phytoplankton [20] . In this study, it cultures Pseudosciaena crocea, not belonging to filter feeding organism, so the decrease of phytoplankton's diversity in later stage results from the environment. Considering to the water quality, the rapid increase of the contents of NH4+-N propels the cultivation of pyrrophyta, which may results in the lowering of diversity. But in the later stage the water load turns terrible owing to the poor diversity and high contents of 4 NH N + − , so it needs to change water or takes other measures to improve the environment for the further culture.
The feeding of fishes to zooplankton will make the zooplankton structure be more simple and lower its diversity. In the early stage of this experiment, Pseudosciaena crocea will eat such large zooplankton as copepods. Therefore, the copecods will be restricted in the early stage but increase rapidly in the later stage. The biomass of phytoplankton closely relates to that of zooplankton, which will increase along with the growth of phytoplankton in the middle and later stage, but the relationship of catching and caught among zooplanktons makes copepods, rotifers and protozoa grow reciprocally. In the later stage, the diversity of zooplanktons will not be affected because no such planktons eat them.
Different from the change regulation of plankton in this study, the structure of plankton cultured in the open sea will be influenced by the water temperature. However, the biomass and diversity of plankton will not be impacted by the water temperature owing to it applies the temperature control culture model.
After analyzing the growth effect of Pseudosciaena crocea and the evolution of biological structure in waters, we found though it uses the high-density culture without changing water, it develops the natural evolution to a stable dynamic equilibrium that suitable for this ecological environment by controlling the ecological condition, making Pseudosciaena crocea grow in an appropriate environment. Thus its growth rate, feed efficiency, amino acid and fatty acid are obvious higher than that in cage culture and during the whole experimental process, it did not suffer from large-scale plant diseases and insect pests and use any drugs. Though in the later stage the phytoplankton has poor diversity owing to the simple of environmental factor and the high 4 NH N + − of water, the diversity index and evenness index of zooplankton performs well, which shows that the phytoplankton and zooplankton stay in an equilibrium state and structure of plankton is complete and stable. Therefore, it can use the intensive ecological model to establish stable water biological structure, realize the factory culture of Pseudosciaena crocea and apply the technical indicator of water saving, energy saving and environment protecting, providing a new road for its model of culture.
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